Rattling dynamics have been identified as fundamental to superconductivity in defect pyrochlore osmates and aluminium vanadium intermetallics, as well as low thermal conductivity in clathrates and filled skutterudites. Combining inelastic neutron scattering (INS) measurements and ab initio molecular dynamics (MD) simulations, we use a new approach to investigate rattling in the Al-doped defect pyrochlore tungstates: AAl0.33W1.67O6 (A = K, Rb, Cs). We find that although all the alkali metals rattle, the rattling of the K atoms is unique, not only among the tungstates but also among the analogous defect osmates, KOs2O6 and RbOs2O6. Detailed analysis of the MD trajectories reveals that two unique features set the K dynamics apart from the rest, namely, (1) quasi one-dimensional local diffusion within a cage, and (2) vibration at a range of frequencies. The local diffusion is driven by strongly anharmonic local potentials around the K atoms exhibiting a double-well profile in the direction of maximum displacement, which is also the direction of local diffusion. On the other hand, vibration at a range of frequencies is a consequence of the strong anisotropy in the local potentials around the K atoms as revealed by 'directional' magnitude spectra. We present evidence to show that it is the smaller size rather than the lighter mass of the K rattler which leads to the unusual dynamics. Finally, we suggest that the occurrence of local diffusion and vibration at a range of frequencies a)
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I. INTRODUCTION
The physical phenomenon termed "rattling dynamics" 1, 2 is not yet well understood and, consequently, no consensus exists on the use of this term. In this work, we define rattling as a local, low-frequency, and anharmonic thermal vibration of a guest atom that is weakly bound to its surrounding atoms that form an oversized atomic cage. Rattling dynamics have been identified as important to the superconductivity of defect pyrochlore osmates, 3, 4 aluminium vanadium intermetallics, [5] [6] [7] as well as the low thermal conductivity of clathrates 8 and filled skutterudites. [9] [10] [11] [12] Rattling in the defect pyrochlore structure has been studied extensively in the osmates (AOs2O6, A = K, Rb, Cs) using various approaches. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] In this study we report measured INS data and ab initio molecular dynamics 
II. EXPERIMENT AND SIMULATIONS
The synthesis and characterization of the samples were described previously. 26 As per this earlier work, ( )
A. Validation of simulations
Before a detailed analysis of the MD trajectories, we first perform a validation of the simulations by comparing to the experimental structures and dynamics. Table I ) and we only used one of these, in contrast to the experiment which measures the ensemble average of the complete set.
Validation of MD average structure
As can be seen in Table I We performed this type of calculation for the K-pyrochlore using the cluster illustrated in Figure 5 . The resulting correlation matrix, 
Local Potentials
To understand the origin of the novel K dynamics, we calculated 1D PMFs to get visual profiles of the average local free energy along selected directions. We first show in FIG. 8 that, within the same compound (KAl0.33W1.67O6), the PMF analysis reveals the rigidity of the lattice and weak bonding for the alkali metals (K). We examined the possibility that the K could be hoping between two 32e sites,
an issue which appears to still be in dispute [40] [41] [42] for the KOs2O6 case. 
